Blue-light-induced reorganization of the actin cytoskeleton and the avoidance response of chloroplasts in epidermal cells of Vallisneria gigantea.
In leaf epidermal cells of the aquatic angiosperm Vallisneria gigantea Graebner, high-intensity blue light induces the actin-dependent avoidance response of chloroplasts. By semi-quantitative motion analysis and phalloidin staining, time courses of the blue-light-induced changes in the mode of movement of individual chloroplasts and in the configuration of actin filaments were examined in the presence and absence of a flavoprotein inhibitor, diphenylene iodonium. In dark-adapted cells, short, thick actin bundles seemed to surround each chloroplast, which was kept motionless in the outer periclinal cytoplasm of the cells. After 10 min of irradiation with high-intensity blue light, a rapid, unidirectional movement of chloroplasts was induced, concomitant with the appearance of aggregated, straight actin bundles stretched over the outer periclinal cytoplasm. Diphenylene iodonium inhibited the avoidance response of chloroplasts, apparently by delaying a change in the mode of chloroplast movement from random sway to unidirectional migration, by suppressing the appearance of aggregated, straight actin bundles. In partially irradiated individual cells, redistribution of chloroplasts and reorganization of actin filaments occurred only in the areas exposed to blue light. From the results, we propose that the short, thick actin bundles in the vicinity of chloroplasts function to anchor the chloroplasts in dark-adapted cells, and that the aggregated, straight actin bundles organized under blue-light irradiation provide tracks for unidirectional movement of chloroplasts.